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List	of	definitions		
Abundance: 
The total count of individuals collected of the same Order 
 
Altitudinal gradient: 
 An altitudinal increase a mountain where temperature decreases with increasing 
altitude. In this study an altitudinal gradient ranged from low (<400m), mid (500-
700m) and high (>800m) altitudinal bands. 
 
Climate change: 
A global phenomenon where changes in environmental conditions will disrupt 
ecosystems. In this study temperature and rainfall across the study sites was monitored.  
 
Diversity: 
The count of the number of different species in a particular collection. 
 
Generalist: 
Generalist pollinators will have no preference for any particular plant and will be 
found as pollinators of many different species of plants.  
 
Plant-Pollinator Interactions: 
The interactions between plants and pollinators where both depend on each other for 
optimal survival and ecosystem processes. 
 
Pollination: 
The process whereby plants are pollinated through the transfer of pollen between 
plants, either through assistance by abiotic or biotic mechanisms. 
 
Restricted: 
Pollinators that occur at a specific altitudinal range. For example they may occur at 
only high altitudes.  
 
Specificity: 
Highly specialist pollinators will have a preference for a specific group of plants.  
 
Widespread:  
Pollinators that are distributed across all altitudinal bands (high, mid and low).  	
	
	
						
	 7 
Table	of	tables		
Table 1: The location of all 12 sites used in this study. Includes altitudinal details, site 
code and latitude and longitude descriptions.	.................................................................	30	
Table 2: List of survey session details from November-August 2017	............................	34	
Table 3: Statistical analysis determining the effect of altitude on the response 
variables reporting the F-value and P-value significance level from the GLMER 
model	............................................................................................................................................	46	
Table 4: Specified plant Genus of each identified plant species with total count at 
each altitude. Total count refers to how many times the Genus was observed 
during direct observations	.....................................................................................................	50	
Table 5: Insect specificity; where the number represents the count of plant species for 
each widespread RTU (classified from observations across sites and altitudes)	51	
Table 6: Insect specificity; where the number of plant species (n) observed foraging 
for insect RTUs that were restricted in distribution	......................................................	53	
Table 7: A summary of the mean air temperature at each site and altitude combined 
(November 2016 to August 2017)	......................................................................................	81	
Table 8: A summary of the mean soil temperature at each site and altitude combined 
(November 2016-August 2017)	...........................................................................................	82	
Table 9: Identifications for pollinating bee and fly RTUS that were observed more 
than once during observations	..............................................................................................	83	
Table 10: Morphological characteristics of every bee RTU from the study	.................	90	
Table 11: Morphological characteristics of every fly RTU in the study	........................	93																											
	 8 
Table	of	Figures		
Figure 1: Identified are the 12 sites where fieldwork was conducted in the Blue 
Mountains National Park. There are two sites per altitude (low=red, mid=yellow, 
high=blue) for both the northern and southern transect, which are divided by the 
Grose Valley. During each fortnightly either the 6 northern or 6 southern sites 
were visited. Each trip was rotated to ensure that high and low sites were visited 
at different times during the month.	...................................................................................	29	
Figure 2: An example of the climate station positioned at each site to monitor 
temperature and rainfall. The air temperature logger is to the left in the 
Styrofoam cup and the soil logger is buried underneath. The rainfall logger is 
located to the right in the black plastic container.	.........................................................	31	
Figure 3: The final set up of pan traps at each of the 12 sampling sites. Each site 
consisted of 3 pans of each colour, tied to trees within a 50x50m area.	................	35	
Figure 4: Air and soil temperature averaged across each altitude for each month.	....	42	
Figure 5: The total (+/- SE) rainfall (mm) averaged across each of the 4 sites per 
altitude during each month.	...................................................................................................	43	
Figure 6: The mean (+/- SE) abundance of pollinators each month obtained from pan 
traps and observations combined across each altitude. The total abundance 
displayed refers to both bees and flies combined.	.........................................................	44	
Figure 7: A comparison of the pollinator abundance (a) and diversity (b) of the 
average at each altitudinal zone (+/- SE) from pan trap collections.  The total 
(blue) count refers to the combination of both flies and bees. Bees are indicated 
with red and flies with green. Significance between altitudes was determined in 
R using a Tukey test. The letters signify significance between altitudes with each 
unique letter for levels of the factor that are significantly different. When the 
letters are shared, the levels are not significant.	.............................................................	47	
Figure 8: A comparison of pollinator abundance (a) and diversity (b) of average 
against field altitudinal zone from direct observations.  The total (blue) count 
refers to the combination of both flies and bees. Bees are indicated with red and 
flies with green. Significance between altitudes was determined in R using a 
Tukey test. The letters signify significance between altitudes with each unique 
letter for levels of the factor that are significantly different. When the letters are 
shared, the levels are not significant.	.................................................................................	48	
Figure 9: A pie graph illustrating the total abundance of each bee RTU that occurred 
throughout observations more than one time. Total abundance was obtained from 
observations and pan traps combined. The number on each slice refers to the 
actual count of individuals. The majority bee RTUs belonged to the Family 
Apidae, whilst a small minority belonged to Colletidae. Bee RTU 1 was the most 
abundant which was the common honeybee, Apis mellifera. The next most 
abundant RTU was 9 which were bees of the Genus Exoneura.	..............................	54	
Figure 10: A pie graph illustrating the total abundance of each fly RTU that occurred 
throughout observations more than one time. Total abundance was obtained from 
observations and pan traps. The number on each slice refers to the actual count 
of individuals.  The most dominant RTU was fly RTU 3, which were hoverflies 
(Melangyna viridiceps) in the family of Syrphidae. The two next most occurring 
fly were RTU 49 and 4 which both contained flies of the family Tachinidae.	....	55	
Figure 11: A comparison of bee and fly Families from insects observed in direct 
observations. Value on each slice includes the total count of RTUs from both 
observations and pan traps combined. At Family level across all altitudes, bees 
	 9 
are less diverse when compared to flies. Identified bees belonged to two Families 
of Apidae and Colletidae, whilst flies belong to the Families of Syrphidae, 
Tachinidae, Tephritidae, Rhagionidae, Stratiomyidae and Bombyliidae.	.............	56	
																																											
	 10 
Abstract		
Climate change is threatening biodiversity and ecosystem processes. Whilst the 
impacts on populations and species have been documented, the response of 
communities and plant-animal interactions is largely unknown. An altitudinal gradient 
can be used as a model for climate change, as temperature decreases with increasing 
altitude. This study explores the diversity and abundance of insect pollinators of 
flowering native plants, along with the species-level specificity across an altitudinal 
gradient in the Blue Mountains. It was hypothesised that (1) Flies will be more 
abundant at higher altitudes and bees will be more abundant at lower altitudes. (2) The 
diversity of flies will increase with altitude and the diversity of bees will decrease with 
altitude. (3) The specificity of flies and bees will differ between altitudes. Direct 
observations were performed on flowering plants to determine the most frequent floral 
visitors, and pan trapping sampled the pollinator assemblage at each site. Insects were 
sorted into Recognisable Taxonomic Units (RTUs) based on morphology.  
 
The main findings of this study were supportive of the hypotheses by revealing that 
altitude can significantly influence pollinator abundance and diversity. Bees were 
found to be more abundant and diverse at lower altitudes, whilst flies were more  
abundant and diverse at higher altitudes. The results were an indication that different 
groups of insect taxa will respond differently to future changes in climate. Results also 
revealed that altitudinal gradients can be used as an effective model for climate change 
by establishing which species may be more vulnerable to warming. Species of 
pollinators that were widespread and generalist are more likely to be able to adapt to a 
changing environment compared to pollinators that are highly specialist and restricted 
to a particular altitudinal band. These findings have strong implications towards 
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improving our understanding of how terrestrial ecosystems may be more or less 
adapted to warming.  
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Introduction	
 
The interactions between plants and pollinators are a vital topic within conservation 
biology. It is highly important to explore how different species of plants and pollinators 
will interact in different systems to ensure the future preservation of pollinators in the 
future.  		
Climate and its effects on biodiversity 
Climate change is continuing to threaten ecosystem processes and biodiversity 
throughout the world. Further changes to climate are expected to continue to cause 
increases in temperature and altered rainfall patterns, as well as, more frequent and 
intense weather events (Menéndez et al. 2014). The effects of climate change on 
populations and species have been well documented in many systems across the world. 
For example, forest dieback is documented globally where climate changes are 
disturbing natural landscapes (Allen 2009). Moreover, the responses of communities 
and plant-insect interactions are largely unknown (Kearns, Inouye & Waser 1998).  
Whilst it has been explored that some communities (with interacting organisms) may 
be more sensitive to warming environments, where hot extremes alter natural 
conditions leading to localised extinction, it is difficult to gauge specific interactions to 
climate change due to high variability among populations (Hoiss, Krauss & Steffan-
Dewenter 2015). Predictions can be unclear, however, it is expected that Australia will 
exhibit more extreme weather conditions with drier conditions due to less rainfall in 
Southern Australia (BOM 2017).   
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The mean global temperature has increased by 0.15°C each year since the 1970’s 
(Beaumont & Hughes 2002), and is now approximately one degree above the historic 
average temperature across the globe. It has also been predicted that within the next 50 
years the mean annual temperature will increase up to 3.9°C a year depending on the 
trajectory of CO2 emissions (Beaumont & Hughes 2002). The 2014 IPCC report has 
indicated that Australia will experience more extremes in weather, with many days 
exceeding 40°C.  Statistics from the Bureau of Meteorology (BOM) are supportive of 
this trend in temperature. In winter alone the mean temperatures for Queensland were 
the second-warmest on record for 2017 and Western Australia and the Northern 
Territory both exceeded records. More than 90% of Australia has exceeded national 
averages this year alone. BOM statistics have also indicated that rainfall has been in a 
decline and has been the lowest since 2002, during Winter this year (BOM 2017). The 
national average for June was the second-driest across all of Australia making it the 
second-driest on record. The rainfall for New South Wales has also been the tenth 
lowest on record during this season. Furthermore, changes in temperature and rainfall 
can greatly impact ecological communities.  
 
Geographical distribution can greatly influence the community composition of 
insects. For example in the climatic extremes; the tropics and arctic, we can expect 
there to be more drastic differences between insect communities due to high extremes 
in temperature and biodiversity (Hatfield & Prueger 2015). In tropical regions there 
may be higher diversity and abundance in these communities and more specialist 
interactions between plants and pollinators due to the warm and wet environment, with 
more consistency of climate all year round. In contrast, artic regions may be less 
diverse and abundant in species due to a cooler dry environment (Bellard et al. 2012). 
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This can lead to more generalist interactions between plants and pollinators as the 
plants that survive may be less coevolved due to the temporal variability in the 
interactions (Schweiger et al. 2010).  Australia is a temperate region, which 
experiences massive climatic variability where temperature ranges from tropic to arid. 
This may result in Australia being less likely to have extremes in plant-pollinator 
interactions. Furthermore, there are high temporal climatic gradients associated with 
mountain ranges, where temperature changes rapidly with altitudinal shifts. These 
ranges be beneficial towards understanding how communities may vary and how they 
may be affected by extremes in temperature (Hodkinson 2005).  
 
A widely used approach to study climate change is through using an altitudinal 
gradient as a “space for time” surrogate. Altitudinal gradients can be used as a 
surrogate for climate change (global warming), as temperature increases rapidly with 
decreasing altitude (~4°C every 1000m) (Khobrakova & Matalin 2014). This has 
previously shown to influence the community of insect pollinator and herbivore 
populations in many systems (Scaven & Rafferty 2013). In Central Chile it was found 
that with decreasing temperatures there are lower visitation rates by bees, flies and 
butterflies than when compared to higher altitudes. An altitudinal gradient ranged from 
2200m-4200m above sea- level and the main findings suggested that species richness 
declined with altitude, due to variation among the species that dominated the area, with 
hymenopterans highly prevalent at lower altitudes (Mary, Primack & Armesto 1982). 
Moreover, previously studies that have focused on insect herbivore populations have 
found similar trends where altitude can affect the natural responses of insects. For 
example, the rate of herbivory can be impacted by temperature where at lower 
altitudes; warmer conditions increased the rate of herbivory due to plant adaptation 
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(Heimonen et al. 2015). There is currently an absence of studies in Australia that have 
used an altitudinal gradient to monitor the diversity of pollinators at different altitudes. 
However, temperature can be seen as the major variant when considering how 
communities of insect pollinators will be influenced by a changing climate.  
 
It can be expected that an altitudinal gradient with low, mid and high altitudinal sites 
will have a different array of pollinators due to the climatic variation in temperature. 
Therefore, the diversity and abundance of pollinators will be negatively correlated with 
altitude; where high diversity and abundance of pollinators can be found at low 
altitudes. Due to lower ambient temperatures at higher altitudes there will be lower 
rates of insect visitation, relative to plant floral resources (Arroyo, Armesto & Primack 
1985).  
 
By attempting to fill this knowledge gap, we can better understand how some systems 
have adapted to different climatic conditions.  Pollinators could potentially migrate up 
altitudinal gradients in response to temporal shifts with flowering plants along these 
gradients, given the fact that pollinators have more rapid reproduction and greater 
mobility compared to plants. This would depend on the availability of suitable host 
plants and the level of specificity.  
 
Altitudinal gradients can be highly beneficial to monitoring the effects of climate 
change; however, they can also be limiting. Not all evolutionary and ecological 
responses can be linked to altitudinal variation assuming that temperature is the main 
factor, as there are many other factors that can influence the results of experiments. 
Other factors such as wind and atmospheric pressure can also influence particular 
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evolutionary responses to biota (Körner 2007). This makes it difficult to conclude that 
altitude and temperature alone is greatly influencing these communities. Other factors 
such as the seasonal change can influence particular results and is important to consider 
that altitudinal gradients are only an indication of possible evolutionary responses to 
future terrestrial ecosystems (Hodkinson 2005).  
 
Pollination under a changing climate  
The interactions between plants and pollinators, are a vital topic within insect 
ecology, exploring the influence of abiotic and biotic factors relating to pollination. 
Biotic pollination is the most common form of pollination, whereby organisms assist 
with the transfer of pollen from anther to stigma (Aguiar et al. 2012). Abiotic 
pollination is mediated by gravity and wind, with less than 10% of flowering plants 
relying on abiotic pollination (Aguiar et al. 2012). One of the earliest recordings of 
pollination originated from Joseph Gottlieb Kölreuter, a German botanist. A 
publication by Kölreuter in 1761, identified insects as carriers of pollen (Waser & 
Ollerton 2006). Kölreuter further investigated hybridisation between flowering plants 
as a result of pollination, which became the foundation of the work of Christian Konrad 
Sprengel. Sprengel was a German naturalist who identified the function of flower 
colour and the structure of nectaries (Ducker & Knox 1985). Kölreuter’s most 
influential work was on plant sexuality, which later would contribute to the work of 
Charles Darwin. Darwin was and still is a well known, English naturalist who was the 
groundbreaking contributor to our modern understanding of evolution through the 
developmental theory of natural selection (Kutschera 2008). One of Darwin’s key 
focuses was on orchid cross-pollination, whereby plant structures had evolved to assist 
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with pollination. Darwin suggested that orchids and pollinators had coevolved over 
many generations through their interactions with each other (Boag & Grant 1981). 
 
It is important to monitor ecosystems and particularly ectotherms such as insects 
because they can be strong indicators of the effects of temperature changes. Since their 
body temperature is largely dependent on external factors (temperature, precipitation) 
their development and lifecycle can be influenced by slight changes in these 
environmental conditions (Beaumont & Hughes 2002). This is because temperature 
will greatly impact the rate of biochemical reactions, thus, effecting metabolic 
processes within individuals (Beaumont & Hughes 2002). 
 
In an attempt to identify which pollinator species will be more susceptible to climate 
change, it is also important to consider variation between phenological and 
physiological differences between pollinators and plants at different altitudes. Past 
studies have explored the mismatch hypothesis, a possible scenario arising from 
climate change. This hypothesis explores how phenological mismatch will occur 
between insects and their host plants, where insects may emerge earlier than the 
flowering of their host plants (Menéndez et al. 2014). It has been documented that 
some native species will have shifts in flowering time, potentially detrimental to 
pollinators (Kudo & Ida 2013).  By using models for climate change we can gain 
insight towards how some systems may be more or less susceptive to phenological 
shifts or range shifts. For example, some pollinators may have phenological traits due a 
narrow period of time where pollinators may be most active. With range shifts some 
pollinators may only be distributed along a narrow altitudinal range, where in the future 
range shifts may evidently occur, affecting ecosystems (Krell 2004).  Climate models 
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can be used to highlight the diverse range of insect species and specificity along an 
altitudinal gradient.	
 
Knowledge of the specificity amongst populations in Australia is lacking, however, 
the topic of speciation in Australia is of great interest. About 96 million years ago, 
Australia diverged from the rest of the world leading to the isolated coevolution of 
fauna and flora (Miller et al. 2005). It is known that many bees within Australia are 
oligolectic where they specialise in the collection of pollen from a select group of 
plants (Waser & Ollerton 2006). This coevolution has resulted in some species of 
plants depending on certain species of pollinators for optimal survival (Batley & 
Hogendoorn 2009). However, since many systems within Australia are understudied, a 
better understanding of these specific relationships between plants and pollinators is 
needed (Waser & Ollerton 2006).  
 
It is uncertain how climatic changes will alter the timing of seasonal biological events 
such as plant flowering and insect emergence (Rasmann et al. 2014). For instance, if 
climatic conditions become unsuitable organisms may migrate to other more suitable 
areas, become less abundant or locally extinct. Insects are often abundant, mobile, with 
short generation times, making them good indicators of changing conditions (Rasmann 
et al. 2014). There is a lack of understanding how climate change will influence insect 
pollinators and the interactions with their plant hosts. 
 
While pollination can be achieved via abiotic mechanisms; wind and gravity, many 
plants have evolved particular traits as a response to biotic pollination. Some of these 
include nectar and pollen rewards and attractive displays and odors, which can lead to 
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high specificity as with tropical regions (Brandenburg, Kuhlemeier & Bshary 2012). 
Coevolution of specialised structures, such as long floral nectar tubes, and insect 
proboscis lengths, is through an antagonistic mechanism similar to an arms race where 
more extreme structures provides a fitness advantage for the plant and insect (greater 
pollen deposition/nectar reward) which results in directional selection (Klank, Pluess & 
Ghazoul 2010).  
 
Coevolution and host shifts may both occur in some systems (Michaloud et al. 2005). 
Coevolution may be facilitated by stable populations of insects and plants as with mesic 
climates, however, unpredictable climates will lead to localised extinction (Scaven & 
Rafferty 2013). For example, a new insect visitor is acquired by a plant (often the insect 
originated before the plant species), which is then followed by adaptation of the plant-
pollination system (specialisation). Host shifts are important where environmental 
change results in spatial/temporal mismatch in insect and plant abundance 
(generalisation). Further understanding the importance of floral visitors to native plants 
will be vital to sustaining ecosystems in the future.   
 
Specialisation is evident when a plant has different taxa of pollinators which have 
varying effectiveness for transferring pollen or only one specific pollinator (Scopece et 
al. 2010). Through Darwin’s theory of natural selection, plants are more likely to 
evolve traits that will promote the most effective pollinators (Nattero et al. 2011). 
Alternatively, generalisation may occur when host plants are visited by a range of 
pollinators, all effective in transferring pollen. Thus, there is less of a need to evolve 
specialist traits to attract certain species of pollinators. Generalist pollination can be 
advantageous if a species is lost, since pollination is still assured by other floral visitors 
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(Peter & Johnson 2013). However, whilst pollination can be a mutualistic interaction 
between plant and pollinators, some insects have adapted to take advantage of this 
interaction. For instance, some bees are known to ‘rob’ nectar and do not effectively 
pollinate (Scaven & Rafferty 2013). 
 
There has been extensive research into the effects of anthropogenic change towards 
terrestrial ecosystems (Phillips et al. 2015).  Few studies have focused on the impact of 
invasive plants and their future effects on native pollinator populations (Bartomeus & 
Steffan-Dewenter 2010). Similarly, introduced pollinators such as the honey bee (Apis 
mellifera) have been shown to impact native pollinators and plant species (Rymer et al. 
2005). This may be consequential, as the process of natural selection may be altered by 
other agents. This may possibly alter generalist and specialist interactions between 
native species and hence, result in insect abundance and diversity differences (Klank, 
Pluess & Ghazoul 2010). 
 
Monitoring important pollinators 
  Without pursing research into plant-insect interactions, it can be difficult to monitor 
climatic changes if the identity of many species is unknown.  Due to limited 
understanding of the diversity of many Australian insect pollinator groups, it is unclear 
how a warming environment will specifically affect these communities (Kudo & Ida 
2013). Monitoring these populations is crucial for future research where the specificity 
between interactions can be degraded. Monitoring the floral community at different 
altitudes to determine the level of specificity can be beneficial when wanting to monitor 
the likelihood that localised extinction may occur. This is because in changing climates 
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the environment will be out of the physiological tolerance range of highly specialist 
insects and their plant host (Rasmann et al. 2014).  
 
Bees are well known to be effective pollinators throughout the world due to their 
intense use of floral resources. Bees can also be strong indicators of a warming 
environment as during their adult phase they will overwinter, allowing the monitoring 
of colonies and how they respond to warmer conditions (Hegland, S. J. et al. 2009). 
The best studied insect pollinator, Apis mellifera (the European honeybee) is of great 
economic importance around the world. It was introduced into Australia in the 1820’s 
by European Settlers and has become widely spread and the most common floral visitor 
of many Australian plants (Gill 1991). This species is vital for Agricultural crop 
production, with many crops relying on its pollination services. As a result it has been 
widely studied throughout the world. However, with a global decline in the honeybee 
due to disease, urban development and pesticides (Becher et al. 2013), it is becoming 
more important to study other potential pollinators.  
 
Australia is abundant and diverse in many native bee species of pollinators. Native 
bees of the family Colletidae comprise 50% of all Australian native bees. Colletidae are 
known as plaster bees and include the charismatic masked bees. Another family 
Halictidae makes up approximately 20% of native bees and includes the sweat bees 
(Becher et al. 2013). These species are often understudied in comparison to the honey 
bee, but can be an important contributor to global crop production and are therefore, 
vital for sustainable ecosystems in the future (Batley & Hogendoorn 2009).  
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Flies are also known to be contributors to pollination services in many plants, 
especially native plants. Since fly morphology is very diverse, with highly varying 
mouthparts between species, they can be useful pollinators of many native plants 
(Bischoff et al. 2013). Some common families that have been known to dominate some 
plants include that of Syrphidae and Bomyliidae. The family of Syrphidae consists 
hoverflies; abundant visitors of many crops. They are also often used as biological 
control agents as their larvae form are natural predators of aphids, scale and thrips 
(Bischoff et al. 2013). Bombyliidae are more commonly known as bee flies, and are 
characterised by having a very long proboscis. There may be many other important 
Diptera families that are currently understudied. However, it is important to understand 
that whilst each species of fly has unique morphological characteristics, their diversity 
will be evidently useful in maintaining pollination services in native plants. Native bees 
and flies can be just as important for pollination services (Rader et al. 2016), especially 
to native plants where coevolution is evident.  
 
A study conducted in the Kosciusko National Park, NSW, explored various aspects of 
pollination biology; including visitation rates of different pollinator species (Inouye & 
Pyke 1988). Although, not specifically performed along an altitudinal gradient, the 
chosen sites were on a mountain range. One of the main findings explored how flies 
were major pollinators across the mountain with 60 different species identified. In 
comparison, only 33 species of Hymenoptera were noted. Their study suggested that 
Diptera are highly prevalent and highly effective pollinators to many plants.  
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Monitoring pollinators of native plants 
Australia contains a wide range of native plants that are of great interest. For example, 
native legumes (family Fabaceae) in Australia are ecologically, socially and 
economically important.  As a symbol of patriotism, Acacia is Australia’s national 
flower. Wattles are in bloom from late winter to early spring and are highly abundant in 
pollen during the time when most bees are active. Moreover, native peas are of 
ecological significance as they are nitrogen fixers and can contribute to large quantities 
of nitrogen in the soil after fires (Jensen et al. 2012). Legumes are also important 
economically in horticulture and forestry, as they are grown for wood products. 
Furthermore, legumes are highly diverse in many areas and dominate an estimated 60% 
of plant species in the Sydney region, with 230 documented species so far (Auld 1983). 
Native peas have evolved to have highly complex structures, that are well suited for 
bees to acquire nectar from.  
 
Another group of native plants include those of the family Proteaceae. Australia has 
the most diverse group of Proteaceae in the world, with many species staying in flower 
throughout the year (Collins & Rebelo 1987). Proteaceae are known to also be 
excellent survivors on low-nutrient rich soil. They have adapted to be strong survivors 
after bushfires, due to having very dormant roots (Collins & Rebelo 1987). Grevilliea 
are frequently visited by the common honey bee, and have floral characteristics that 
make pollination services by native pollinators difficult (Taylor & Whelan 1988). 
Although Grevilleas are visited by honeybees, their structures are well suited for 
pollination by vertebrates such as honeyeaters. For instance, stigmas and anthers can be 
located far away from nectaries, making pollination difficult when insects are visiting 
for nectar (Taylor & Whelan 1988). Lambertia are another group within Proteaceae that 
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are known to be pollinated by honeyeaters (Collins & Rebelo 1987). Although visited 
by insect pollinators, they may not necessarily be pollinating the plant due to 
specialised traits, as with Grevillea. However, continuing to understand how native 
plants are more or less dependant on plant-pollinator interactions can be influential in 
assessing how climatic changes will affect particular native plants. 
 
The importance of monitoring native plants and pollinators 
An understanding of plant-insect interactions is essential to predictions of climate 
change impacts on biodiversity, ecosystems, and primary productivity. Since current 
literature is lacking on the diversity of many Australian insect pollinators, it is unclear 
how a warming environment will specifically affect these communities (Kudo & Ida 
2013). Monitoring plants, insects and their interactions can provide insights into the 
resilience of ecosystems, and which systems are most vulnerable to climate change. 
Highly specialist plant-insect interactions are likely to be more susceptible to spatial 
and temporal shifts associated with changing environmental conditions (Rasmann et al. 
2014).  
 
Since many insect species in the world are currently unidentified, it can be difficult to 
determine the true identity of every species. Many insects are only able to be identified 
down to broad levels of classification due to their diverse morphological nature 
(Arroyo, Armesto & Primack 1985). Developing classification keys can be beneficial 
towards characterising new species, however, it can be a difficult task for non-
specialists.  
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    It is highly important to continue monitoring insect populations as they can react 
rapidly to climatic changes, due to their short lifecycles compared to other animals. 
They are often directly dependent on other species, resulting in severe ecosystem 
changes if one species is altered to cope with environmental change (Ohsawa & Akiba 
2014). Insect pollinators are a crucial component of ecosystem services. For example, 
more than 180,000 species of plants depend on biotic pollination services (Klank, 
Pluess & Ghazoul 2010). Plant-pollinator interactions are not only crucial for crop 
production, but more than ½ of the world raw materials, fibres and oils also rely on 
pollination services (Wheater, Bell & Cook 2011). Continuing to further understand the 
role of individual species will be of benefit to many people throughout the world. This 
project will contribute to the conservation of natural habitats, and improve our 
understanding of how pollinator communities will adapt to a changing environment.  
 
    According to the IUCN for 2015, 5573 species were evaluated and 1046 species of 
insects are currently threatened (IUCN 2015). However, this data only analysed a small 
portion of insects, as there is an estimated 950,000 different species of insects (Gullan 
et al. 2010). As a result, we still don’t know the conservation status for many insect 
species, as many remain unidentified. This project will have contributed to species 
identification as well as, our understanding of insect and natural habitat conservation, 
through the identification of species that will be more susceptible to climate change. 
 
This project aimed to quantify the diversity and abundance of insect pollinators of 
native Australian plants along an altitudinal gradient in the Blue Mountains. There was 
one main hypothesis that altitude will influence the community of insect pollinators 
(sampled through pan traps and observations) through three main components: 
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1. Flies will be more abundant at higher altitudes and bees will be more abundant 
at lower altitudes 
2. The diversity of flies will increase with altitude and the diversity of bees will 
decrease with altitude.  
Previous studies focused on plant-pollinator interactions across an altitudinal gradient 
have revealed that flies and bees will have large variations in their abundance at 
different altitudes. Flies have shown to be more abundant at higher altitudes and bees 
more abundant at lower altitudes due to many abiotic and biotic factors (Körner 2007). 
Some studies have suggested that lower altitudes will be more abundant in bees due to 
the community composition of flowering plants, where more floral resources are 
available (Hoiss et al. 2012). Moreover, bees are known to be more generalist floral 
visitors when compared to flies, especially with A. mellifera dominating lower grounds 
(Hoiss et al. 2012). At lower altitudes there will be more competition amongst 
pollinators due to the favouring climate with warmer temperatures. This causes 
specialist flies to dominate higher altitudes where there is less competition from other 
pollinators such as bees, with favoured fauna declining with altitude (Elberling & 
Olesen 1999). 
 
3. The specificity of flies and bees will differ between altitudes 
Species with high network connectivity such as pollinators who visit many host plants 
are more resilient than those with specific plant-pollinator interactions (Schmidt et al. 
2005). An altitudinal gradient can be used as an indicator to determine speciation 
among pollinators, where each altitudinal band would allow for the classification of 
pollinators depending on their plant host preference. Pollinators that are widespread 
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and generalist may be more adaptable to climate change, when compared to restricted 
specialist pollinators (Karron 1987).  
 
This study will be able to characterise pollinator diversity and abundance of flies and 
bees. There interactions with plants are an indication of specificity through space and 
time to test associations with climate, with temperature shifting with altitude.  The 
findings of this project will provide an indication of the species that may be more 
susceptible to climate change, but this study will not explicitly test for the effects of 
climate change. Native plants occurring at 12 sites across the Blue Mountains National 
Park, were observed to monitor and capture frequent bee and fly visitors. Pan traps 
were also used (white, yellow and blue) as an estimation of the insect community at 
each site, however, this was not specific to only pollinators.  
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Materials and methods 
 
Site selection and establishment 
Sampling was performed in the Blue Mountains National Park. An altitudinal gradient 
in the Blue Mountains National Park was used as a model for climate change, where 
the temperature can increase up to 6°C (BOM 2017). The Blue Mountains is divided by 
large gorges up to 760m in depth and large mountain peaks, where sandstone bedrock 
is dominant and has a range above sea level of approximately 100-1110m. By sampling 
insects from an altitudinal gradient, we can observe site-specific variation among 
different species, which may be an indication of how species will respond to climate 
change (Khobrakova & Matalin 2014). 
 
Two independent transects were established on the northern and southern side of the 
National Park, separated by the Grose Valley. Both transects were divided into low 
(<400m), mid (500-700m) and high (>800m) altitudinal bands. There were 2 replicate 
sites within each of the three altitude bands on both transects, giving a total of 12 study 
sites (Figure 1).    In collaboration with a PhD study, each of the study sites were 
established following extensive surveys of potentially suitable sites throughout the Blue 
Mountains. In an attempt to minimise confounding effects of factors other than 
temperature, and maintain similar vegetation along the altitudinal gradient, sites were 
on sandstone soils in upper slopes and ridge tops with open woodland communities 
supporting a high diversity of native plants. All sites were in national parks / reserves 
within limited disturbance, and greater than 20m from the nearest road. Despite this, 
each chosen site had some differences in the community of native plants, such that not 
all species of surveyed flowering plants being present across all sites and altitudes. 
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Figure 1: Identified are the 12 sites where fieldwork was conducted in the Blue 
Mountains National Park. There are two sites per altitude (low=red, mid=yellow, 
high=blue) for both the northern and southern transect, which are divided by the Grose 
Valley. During each fortnightly trip either the 6 northern or 6 southern sites were 
visited. Each trip was rotated to ensure that high and low sites were visited at different 
times during the month.  
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Table 1: The location of all 12 sites used in this study. Includes altitudinal details, site 
code and latitude and longitude descriptions. 	
Transect Altitude 
(m) 
Altitude 
Class 
Site Code 
 
Latitude Longitude Nearest 
POI 
N 185 Low GROCTR -33.609448 150.638589 Cabbage 
Tree Rd 
N 384 Low BOWBM -33.593480 150.624760 Lieutenant 
Bowen Dr 
N 543 Mid KURBUR -33.547298 150.615790 Burralow 
Rd 
N 609 Mid BILBPA -33.494068 150.517576 Bilpin Park 
N 913 High BLMMN -33.551316 150.382309 Bells Line 
of Road 
N 882 High MBKMB -33.579120 150.382309 Mount 
Banks Picnic 
Area 
S 223 Low HWHHH -33.666907 150.651612 Hawkesbury 
Lookout 
S 284 Low WINWB -33.662680 150.611480 White Cross 
Rd 
S 625 Mid LAWHAL -33.705160 150.456770 Hall Parade 
 
S 669 Mid LAWBR -33.728780 150.444980 Baths Rd 
 
S 949 High LEUSL -33.719633 150.335010 Spencer St 
 
S 990 High MEDEL -33.648900 150.320420 Evans 
Lookout Rd 
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Climate monitoring  
Each climate station was located in a central region within each site, away from 
walking trails. Climate stations were regularly checked and data was collected each 
week. 
                                              	
Figure 2: An example of the climate station positioned at each site to monitor 
temperature and rainfall. The air temperature logger is to the left in the Styrofoam cup 
and the soil logger is buried underneath. The rainfall logger is located to the right in the 
black plastic container.  
 
Temperature Loggers 
Temperature was recorded for soil and air using DS1921G iButtons. Air temperature 
loggers were covered by a foam cup and suspended 1.25m into the air using a wooden 
stick. Soil temperature loggers were sealed into a plastic container with silica and 
buried 3cm into the soil. Data was recorded every 10 minutes at each site.  
Rainfall Loggers 	
Each rainfall logger consisted of a Davis 7852M rain collector unit, which was 
connected to a battery-powered Arduino microcontroller. This was to log the number of 
bucket tips per hour to an SD card, with each bucket tip indicating 0.2mm of rainfall.  
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Methods to capture pollinators  
Direct observations 
																																							 		
At each target site, the 10 flowering plants in the sampling area (50x50m) were 
selected depending on abundance and observed for 10-minute intervals. These were 
performed from 0830 to 1630 in varying weather conditions due to the limitation of 
fortnightly sampling sessions. The abundance and behaviour of floral visitors was 
recorded and they were caught where possible using a sweep net during this 
observation period.  
 
During each survey session at a particular site, selection of flowering plants depended 
on the particular species in flower. The selection of 10 plants was made to incorporate 
the diversity of plants in flower, capturing all species within a 50x50m area. During the 
surveys there were no instances where the diversity of plants exceeded 10 flowering 
plants. In contrast, in instances where there were fewer than 10 different species of 
flowering plants, duplications of the most abundant species occurred to incorporate the 
most abundant flowering plants of a particular site. However, during some months 
there were less than 10 flowering plants at a particular site. During those circumstances, 
observations could only be performed on the plants in flower. In this study all 
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observations were done on different, independent, flowering plants through the 
duration of the study. 
 
Pollination studies have previously followed a similar approach of using 10 minute 
intervals per plant to observe the most abundant floral visitors (Warren, Harper & 
Booth 1988). An interval of 10 minutes can be beneficial as it is a reasonable time 
frame to allow pollinators to seek a flower, obtain nectar and allows for flying insects 
to then leave and possibly return to drink more nectar. This project does however, 
conduct observations outside of the optimal peak period that many studies suggest as 
being between 1000-1400 (Warren, Harper & Booth 1988). Observations are also 
recommended to occur in sunny conditions during this optimal time frame. For the 
purpose of this study, a wider time frame was used during observation as sites within 
each altitude were treated as replicates with monthly visits to each altitude.  
 
To minimise the impact of surveys conducted at different times/sites, each site was 
visited for two days a month, with each transect alternated each month. Each survey 
trip was rotated so that either the Southern low sites were visited early morning and the 
next fortnight the Northern high sites would be visited early morning. This was to 
ensure that trips were alternated enough to capture the differences in diversity of 
pollinator activity during different times of the day. Each trip was performed two 
weeks apart with the exception of December where both trips were conducted during 
the same week and during the month of June where 3 trips were carried out.  
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Table 2: List of survey session details from November 2016-August 2017 	
Month Survey Dates Transect Altitude (Start) 
November 14/11/17-15/11/17 Southern Low 
November 28/11/17-29/11/17 Northern High 
December 12/12/17-13/12/17 Southern High 
December 14/12/17-15/12/17 Northern Low 
January 09/01/17-10/01/17 Southern Low 
January 23/01/17-24/01/17 Northern High 
February 09/02/17-10/02/17 Southern High 
February 23/02/17-24/02/17 Northern Low 
March 09/03/17-10/03/17 Southern Low 
March 23/03/17-24/03/17 Northern High 
April 06/04/17-07/04/17 Southern High 
April 20/04/17-21/04/17 Northern Low 
May 04/05/17-05/05/17 Southern Low 
May 18/05/17-19/05/17 Northern High 
June 01/06/17-02/06/17 Southern  High 
June 15/06/17-16/06/17 Northern High 
June 29/06/17-30/06/17 Southern Low 
July 13/07/17-14/07/17 Northern Low 
July 27/07/17- 28/07/17 Southern High 
August 10/08/17-11/08/17 Northern High 
August 24/08/17-25/08/17 Southern Low 					
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Pan traps 
                                                   	
Figure 3: The final set up of pan traps at each of the 12 sampling sites. Each site 
consisted of 3 pans of each colour, tied to trees within a 50x50m area. 
 
At each site 3 yellow, 3 blue and 3 white pan traps (9 total per site) were tied to trees 
in a 50x50m area with colour coordinating string. Each group of 3 pans was alternated 
with the colour of the pan traps at different heights to account for colour bias. Each set 
of 3 traps were filled with water to the brim and a single drop of unscented detergent 
was mixed into each. Pans were left overnight and collected the following day to ensure 
that the traps were capturing the community of visiting insects in the area. Each trap 
was examined for insects before being cut from the tree and strained. Insects were 
tapped from the strainer into a specimen container and preserved with 70% ethanol.  
 
Pollination studies often use pan traps in a similar way to capture the insect 
community present at a particular site (Campbell & Hanula 2007). Using water with 
detergent is effective in altering the density of the water, making it harder for insects to 
escape once they make contact with the water. This prevents captured insects from 
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escaping once initially trapped and results in a successful capture of the visitor to a 
particular pan trap. Due to the practicality of using pan traps, they can be positioned at 
varying heights and distances apart (Campbell & Hanula 2007). For the purpose of this 
study and having a focus on capturing pollinators, the pan traps were tied to trees. 
When positioned at a height above the ground, flying insects are more likely to be 
attracted to the pans due to similarity in height to particular flowering plants (Campbell 
& Hanula 2007). Moreover, the choice of the colour of the pan traps can also influence 
the species of insects that are captured. For instance, some species may favour white 
flowers. Pollination studies usually prefer to use the combination of white, yellow and 
blue pan traps when surveying many different species of plants, as these colours are at 
a spectrum detected by most pollinating insects (Saunders & Luck 2013).  
 
 Previous studies observing floral visitors have followed a similar approach to this 
project, as pan traps and direct observations complement each other. Direct 
observations will specify the collection of nectar and pollen, providing descriptions of 
the functional relationship with the plant host to determine effective pollinators. 
However, using observations alone can be difficult as not all visitors will be present 
during the short observation period (Gullan et al. 2010). Pan traps are a cost-effective 
technique to capture floral visitors, and will determine species richness/abundance over 
a period of 24 hours. In comparison to observations, pan traps are used to provide an 
overall estimate of the insect diversity at the site and are not specific to only 
pollinators. This can be limiting as trapped insects will include insects that were 
passing through and not pollinating any particular plant. This will result in an 
estimation of insect diversity at the site and not the specific pollinators of the plant 
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(Gullan et al. 2010).  Therefore, using pan traps in conjunction with observations will 
result in a greater understanding of the pollinator community in a particular area.  
 
Recognisable Taxonomic Units (RTUs) 	
Insect pollinators (bees and flies) were sorted into RTUs based on morphology, using 
a classification key that specifies characteristics for each order (mouthparts, thorax, 
abdomen, wing structure etc.). An online morphology keys (PaDIL) was also used to 
compare morphological characteristics between species. A separate RTU was created 
for bees and flies with anatomy characteristic of legs (tarsus, femur), thorax, abdomen, 
and head details for each unique morphologically different specimen. Each different 
RTU was identified using a Leica EZ4 W microscope under the appropriate 
magnification (8-35x) depending on specimen size. Photographs were taken of each 
species, with a ruler used as a scale bar.  In this study we also refer to each RTU as a 
unique species.  
 
Many studies have followed this approach when identifying adult forms of insects as 
there are often visible morphological differences in species originating from different 
communities (Ward & Stanley 2004). Describing a species as morphological different 
is usually sufficient in distinguishing between the adults of species. Creating a RTU for 
each morphologically unique species is also beneficial as distinct differences between 
species are noted. To individuals who are not experts in insect taxonomy, 
morphological descriptions can alleviate the need for complex terminology when 
rapidly classifying insects in community studies (Krell 2004).  
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Confirmation of insect identifications by experts 	
An example of each bee RTU was sent for identification to Family and species level 
where possible at the Australian Museum, Sydney. Fly RTUs that were observed more 
than once during observations were also sent for identification.  This was to obtain a 
confirmation that each RTU was indeed unique and correctly identified. 
 
Plant identification by experts 
At each site, a sample branch of each different plant species that was observed during 
direct observations, were collected to be labelled and pressed for future identification. 
Classification keys were used to identify plants to genus and species. Identification to 
species level was determined by botanical experts at The Royal Botanic Gardens, 
Sydney.  
 
Data analysis 
The effect of altitude and insect taxa on the diversity and abundance of pollinators 
was determined in R studio. Excel was used to create csv files for use within R. To test 
the hypothesis that altitude will have influence the community of pollinators a model 
was created in R. The response variables consisted of both the abundance and diversity 
of bees, flies, total (bees + flies) and proportion (bees / total). For the purpose of 
analysis, abundance was treated as the total count of insects per site. Diversity was 
treated as total count of unique RTUs per site. This incorporated diversity in its 
simplest form, where the abundance of each individual RTU is not incorporated and 
instead the focus is on how many different RTUs are present. The data was pooled 
across the entire survey period from November 2016 to August 2017 (10 surveys per 
site). 
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A linear mixed effects model was used for the analysis given the inclusion of random 
and fixed factors. Altitude was a fixed factor in the model given the experiment was 
designed to compare different altitudinal zones. However, because each site was 
randomly selected for other potential sites within the transect and altitudinal zone, site 
was included as a random factor in the model. The assumptions of the linear mixed 
effects model of normality and equal variances were checked by plotting the fitted 
values against the residuals, and q-q plots. Where the assumptions were not met the 
data was transformed (count = sqrt, prop = arcsin), and when the assumptions were still 
not met a generalized mixed effects model was employed (count data; family=XX, and 
prop data family = YY). When altitude was significant in the model a posthoc “tukey” 
test was used to determine the statistical differences among the three levels of the factor 
(low, mid, high).  
 
The climate data was handled in excel to obtain estimates of the average, minimum 
and maximum temperature and total rainfall for each month from average daily 
estimates across each site.  For each altitude, an average was also created consisting of 
the average of all 4 sites per altitude.  
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Results		
An altitudinal gradient (consisting of 4 sites at low, mid and high altitudes) was used 
to determine how the community of pollinating bees and flies would have differences 
in abundance and diversity across each altitude.  
 
Over the duration of 10 months (November 2016-August 2017), 1049 10-minute 
observations were performed.  Observations were performed on 10 plants per site 
during each fortnight trip. However, during some months there were limited plants in 
flower at a particular site and so, less than 10 observations were performed.  40 
different species of plants were observed over the study period (not all were able to be 
identified in time for this study). A total of 1134 pan traps (378 each of blue, white and 
yellow) were placed overnight during the 10 month period.  During some sampling 
sessions, factors such as wind (tipping the pan and water out) and vertebrates (such as 
birds disturbing the plate) had influenced some of the pans and limited insects were 
collected for the individual pan. During identification through morphology, there were 
87 fly RTUs and 23 bee RTUs (Appendix).  
 
Climate from November 2016- August 2017 
Climate data from temperature and rainfall loggers established at each of the 12 sites 
were collected for the duration of the study from November 2016 to August 2017. The 
recorded temperatures were consistently colder in the high altitudinal zone than the mid 
and low altitudes. While the low sites were warmer than the mid sites, where there was 
more overlap in temperatures. Low sites had an average of 18.06°C +/- SE 0.92, the 
mid sites had an average of 17.19°C +/- SE 1.55, the high sites had an average of 
15.89°C +/- 0.85.  Soil temperature averages also revealed that mid altitudes were 
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slightly higher than expected. Low sites had an average soil temperature of 19.12 +/- 
SE 1.05, mid sites were 18.29°C +/- SE 1.61 and high sites were 16.68°C +/- SE 0.53.  
 
The total rainfall (mm) at each site was also averaged for each month and an overall 
average was obtained from the entire study period for each site and altitude. Across the 
10 months, the low sites received the lowest amount of rainfall (Figure 6). During 
February-April there was a significant amount of rainfall recorded at the low sites, with 
high sites experiencing less rainfall during these months. Each altitude experienced 
spikes in the amount of rainfall each month.  
 
 
 
	
	 42 
	
Figure 4: Air and soil temperature averaged across each altitude for each month. 
Across all three altitudes, there was a peak in temperature during January as the 
warmest month. 
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Figure 5: The total (+/- SE) rainfall (mm) averaged across each of the 4 sites per 
altitude during each month.  
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Changes in abundance and diversity with altitude 
Figure 7 indicates the change in the total abundance of bees and flies over each 
month. Overall, there was a steady decline in species abundance from November 2016- 
February 2017. Across all 3 altitudes there was an increase in abundance from 
February-March 2017.  
 
	
Figure 6: The mean (+/- SE) abundance of pollinators each month obtained from pan 
traps and observations combined across each altitude. The total abundance displayed 
refers to both bees and flies combined.  
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From pan traps, the abundance of bees and flies showed no significance with altitude. 
However, the diversity of flies and total pollinators were both highly significant with 
altitude; low was significant to high and mid was significant to low. From observations, 
the abundance of bees were highly significant from low to high altitudes and mid to 
high altitudes. Whilst flies were only marginally significant from mid to high, with 
other altitudes having no significance. The abundance of bees and flies combined 
(total) was also not significant with altitude.  Bees were also highly significant with 
diversity from low to high and significant from mid to high. Flies were significant from 
low to high and mid to low. This was also similar to the total diversity comparison 
between groups where low was greatly significant to high and mid was highly 
significant to low.  
 
A posthoc test was used to determine the significance of altitude in relation to the 
abundance and diversity from only the pollinators that were sighted more than once. 
For this component, only observations that included bee RTUs (1, 2, 4, 5, 8, 9, 10, 12, 
15) and fly RTUs (3, 4, 24, 35, 49, 53, 66, 67, 82, 84) were selected. The abundance of 
bees and the diversity of bees with altitude were both highly significant, whilst there 
was no correlation with altitude for flies. However, the total (bees and flies combined) 
was highly significant with altitude. The abundance and diversity of the proportion of 
bees over the total were also highly significant with altitude.  
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Table 3: Statistical analysis determining the effect of altitude on the response 
variables reporting the F-value and P-value significance level from the GLMER model 
Response variable Pan Trap 
Direct 
observation Observed (Taxa) 
Abundance  total 1.5536 
 
0.6264 
 
0.5047 
 Abundance bee 1.9614 
 
5.7799 ** 5.6388 ** 
Abundance fly 1.3352 
 
3.3222 * 1.741 
 Abundance 
Proportion 0.2024   13.829 *** 12.567 *** 
Diversity  total 7.1364 ** 0.0752 
 
0.1592 ** 
Diversity bee 1.3764 
 
6.7254 ** 7.4107 *** 
Diversity  fly 6.0496 ** 3.6499 * 2.0905 
 Diversity Proportion 0.1519 
 
13.616 *** 8.6641 *** 
 
Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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Figure 7: A comparison of the pollinator abundance (a) and diversity (b) of the 
average at each altitudinal zone (+/- SE) from pan trap collections.  The total (blue) 
count refers to the combination of both flies and bees. Bees are indicated with red and 
flies with green. Significance between altitudes was determined in R using a Tukey 
test. The letters signify significance between altitudes with each unique letter for levels 
of the factor that are significantly different. When the letters are shared, the levels are 
not significant.  
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Figure 8: A comparison of pollinator abundance (a) and diversity (b) of average 
against field altitudinal zone from direct observations.  The total (blue) count refers to 
the combination of both flies and bees. Bees are indicated with red and flies with green. 
Significance between altitudes was determined in R using a Tukey test. The letters 
signify significance between altitudes with each unique letter for levels of the factor 
that are significantly different. When the letters are shared, the levels are not 
significant. 				
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Specificity of bees and flies from direct observations 
To consider altitude with relation to specificity, pollinators were also characterised 
depending on their distribution across altitudes. This included a wider range of bee 
RTUs to encompass those that had only occurred once. However, flies were kept to the 
previous 10 RTUs due to the lack of expert confirmation on the other species. 
Pollinators were classified as widespread (occurred across all 3 altitudes) or restricted 
(occurring at only one altitude). RTUs that did not relate to either category were 
excluded.  
 
Widespread flies included RTU 3 (Melangyna virdiceps), 67 (Bombyliidae) and bee 
RTU 1 (Apis mellifera) and 9 (Exoneura). For both bees and flies, there was one 
specialist and one generalist. Fly RTU 3; the generalist hoverfly, was observed foraging 
on 1 to 3 plants species per site and 4 to 6 per altitudinal zone and 13 plant species 
across all observations. Bee RTU 1; generalist honeybee, was observed on 1 to 4 plant 
species per site, 1 to 8 plant species per altitudinal zone and 8 plant species across all 
observations. In comparison, the specialist; fly RTU 67 and bee RTU 9, were only ever 
observed visiting a single plant species at any of the field sites, and only 1-2 plant 
species within an altitudinal zone and 3-5 plant species across all observations. Fly 
RTU 67 was observed foraging on 3 families (Fabaceae, Proteaceae, Apiaceae)  and 3 
genera (Acacia, Persoonia and Platysace). Bee RTU 9 was observed foraging on 3 
families (Fabaceae, Proteaceae and Apiaceae) and 4 genera (Acacia, Grevillea, 
Persoonia and Platysace).  
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Table 4: Specified plant Genus of each identified plant species with total count at 
each altitude. Total count refers to how many times the Genus was observed during 
direct observations 	
Genus Low Mid High 
Acacia 101 114 122 
Actinotus 1  2 
Astrotricha 3   
Bauera   2 
Bossiaea 21 30  
Conospermum   2 
Cryptandra   3 
Dillwynia 1 8 2 
Gompholobium 4 1  
Grevillea 77 28 1 
Hakea  2 9 
Isopogon   11 
Kunzea   4 
Lambertia 48 72 43 
Mirbelia   3 
Olax 1   
Ozothamnus  6 5 
Persoonia 16 19 10 
Phyllota   3 
Pimelea 4  5 
Platysace 9 39 31 
Pultenaea 1 6  
Sowerbaea  1 1 
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Table 5: Insect specificity; where the number represents the count of plant species for 
each widespread RTU (classified from observations across sites and altitudes) 	
Altitude Site Fly3 Fly67 Bee1 Bee9 Mean (SE) 
low BOWBM 2  4 1 2.3 0.9 
low GROCTR 1 1 1 1 1.0 0.0 
low HWHHH 2  1 1 1.3 0.3 
low WINWB 2  2 1 1.7 0.3 
low  mean 5 1 4 2 3.0 0.9 
mid BILBPA 1  3  2.0 1.0 
mid KURBUR  1 2  1.5 0.5 
mid LAWBR 2 1 2 1 1.5 0.3 
mid LAWHAL 3  2  2.5 0.5 
mid  mean 6 1 8 1 4.0 1.8 
high BLMMN 1    1.0  
high LEUSL 1 1 1 1 1.0 0.0 
high MBKMB 2  1 1 1.3 0.3 
high MEDEL 2    2.0  
high  mean 4 1 1 2 2.0 0.7 
Grand Total 13 3 8 5 7.3 2.2 
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Restricted flies included RTU 4, 24, 35, 49, 53, 66, 82 and 84 and bee RTU 2, 4-8, 
10-12, 14-19, 22-23. For restricted flies and bees, specificity was estimated using the 
number of plant species that each group was observed foraging (Table 6). Whilst all of 
these RTUs were collected more than once, they were generally only observed at a 
single site. There rarity makes it challenging to obtain robust estimates of plant 
specificity. Across all altitudes, flies and bees both had a mean of 1.5 +/- SE 0.2.  
 
 
An estimate of specificity was determined on the bees and flies that occurred more 
than once during observations. Through expert identification of both plants and these 
pollinators, an accurate identification could be made. Both Genus and species level 
focus on plants, produced similar results among pollinators. 8/9 bee RTU had a 
preference for more than one Genus of flowering plant. Bee RTU 12 (Exoneurella 
lawsoni), only visited one species of flowering plant, which was Grevillia phylicodes. 
In contrast to bees, there were more specialist flies. 4/10 RTUs were found to be 
specialist at a Genus level. Interestingly among these 4 RTUs, both RTU 35 and 49 
belonged to the family Tachinidae and both fly RTU 82 and 84 belonged to the family 
Rhagionidae.  
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Table 6: Insect specificity; where the number of plant species (n) observed foraging 
for insect RTUs that were restricted in distribution 	
  
FLY BEE Total 
Altitude Site n mean (SE) n mean (SE) n mean (SE) 
low BOWBM 2 1.0 0.0 6 1.0 0.0 8 1.0 0.0 
low GROCTR 1 1.0 
 
2 1.5 0.5 3 1.3 0.3 
low HWHHH 1 1.0 
 
0 
  
1 1.0 
 low WINWB 0     6 1.0 0.0 6 1.0 0.0 
low mean 3 1.0 0.0 12 1.1 0.1 15 1.1 0.1 
mid BILBPA 0 
  
3 1.3 0.3 3 1.3 0.3 
mid KURBUR 0 
  
2 1.5 0.5 2 1.5 0.5 
mid LAWBR 1 1.0 
 
2 1.0 0.0 3 1.0 0.0 
mid LAWHAL 0     1 1.0   1 1.0   
mid mean 1 1.0   6 1.3 0.2 7 1.3 0.2 
high BLMMN 3 1.7 0.3 1 1.0 
 
4 1.5 0.3 
high LEUSL 1 1.0 
 
0 
  
1 1.0 
 high MBKMB 2 1.0 0.0 0 
  
2 1.0 0.0 
high MEDEL 0     1 1.0   1 1.0   
high mean 5 1.4 0.2 2 1.0 0.0 7 1.3 0.2 
Grand Total 8 1.5 0.2 16 1.5 0.2 24 1.5 0.1 
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Figure 9: A pie graph illustrating the total abundance of each bee RTU that occurred 
throughout observations more than one time. Total abundance was obtained from 
observations and pan traps combined. The number on each slice refers to the actual 
count of individuals. The majority bee RTUs belonged to the Family Apidae, whilst a 
small minority belonged to Colletidae. Bee RTU 1 was the most abundant which was 
the common honeybee, Apis mellifera. The next most abundant RTU was 9 which were 
bees of the Genus Exoneura. 
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Figure 10: A pie graph illustrating the total abundance of each fly RTU that occurred 
throughout observations more than one time. Total abundance was obtained from 
observations and pan traps. The number on each slice refers to the actual count of 
individuals.  The most dominant RTU was fly RTU 3, which were hoverflies 
(Melangyna viridiceps) in the family of Syrphidae. The two next most occurring fly 
were RTU 49 and 4 which both contained flies of the family Tachinidae.   
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Figure 11: A comparison of bee and fly Families from insects observed in direct 
observations. Value on each slice includes the total count of RTUs from both 
observations and pan traps combined. At Family level across all altitudes, bees are less 
diverse when compared to flies. Identified bees belonged to two Families of Apidae 
and Colletidae, whilst flies belong to the Families of Syrphidae, Tachinidae, 
Tephritidae, Rhagionidae, Stratiomyidae and Bombyliidae.  						
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Discussion		
With climate change expected to cause further disruption to terrestrial ecosystems, it 
is expected to influence plant-pollinator interactions. Whilst plant-pollinator 
interactions are well documented in some other countries, there has been limited 
research within Australia towards the diversity of pollinators on native plants. Climatic 
changes will lead to the disruption of native ecosystems due to temperature increasing, 
causing insects to migrate to compensate with this change (Menéndez et al. 2014). 
Under warming temperatures, insects may also emerge earlier than their plant host, 
leading to localised extinction. This study has contributed to this knowledge gap 
through three main findings.  (1) bee pollinators (direct observations) abundance and 
diversity significantly decreased with increasing altitude, (2) Fly pollinators abundance 
and diversity were both significantly affected by altitude and increased with increasing 
altitude. Therefore, the effects of climate change are likely to be different for these 
taxa.  (3) Pollinators varied from widespread and common generalists, to rare (potential 
specialists) pollinators for both bees and flies. These findings are highly indicative that 
altitude can greatly influence the community of pollinators, revealing possible 
vulnerable and more adaptable species to climatic changes.  
 
Pollinators and altitude 
As hypothesised there was a highly significance difference between the abundance 
and diversity of flies with altitude in the Blue Mountains. There were clear patterns for 
bees and flies, which were also supported through the specificity component.   
 
 Studies have explored how Diptera are more dominant at high altitudes. In Abisko, 
Sweden, plant-pollinator interactions were explored amongst 6 Orders (Diptera, 
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Hymenoptera, Lepidoptera, Coleoptera, Trichoptera and Thysanoptera). The study was 
an indication that at higher altitudes, there would be dominance of Diptera with 75% of 
all floral visitors belonging to Diptera. In comparison, 19% of species were identified 
as Hymenopterans (Elberling & Olesen 1999). The other Orders were considered a 
minority in the pollination system. Their results are supportive of this study where both 
bees and flies were studied due to their abundance and diversity amongst many plants. 
At higher altitudes, there are less likely to be a diverse array of other pollinator groups 
to compete with, such as bees, who dominate lower ground areas (Elberling & Olesen 
1999). Similarly to previous studies, the results are an indication that bees were more 
diverse and abundance at lower altitudes.  
 
Due to warmer temperatures at lower altitudes there will more active pollinators when 
compared to high altitudes. Bees may inhabit lower altitudes as warmer temperatures at 
these altitudes are likely to more protected from climatic variation (temperature and 
rainfall) than when compared to higher altitudes (Hoiss et al. 2012). In Germany, bee 
communities were explored at varying altitudes to compare how temperature would 
affect their abundance and distribution. It was found that wild bee species at higher 
altitudes would have a larger range of distribution than when compared to lower 
altitudes (Hoiss et al. 2012). Similarly to this study, they found a trend that species 
diversity and abundance would linearly decline with altitude and suggested that the 
flower cover across an altitude can largely influence the community of pollinators 
(Hoiss et al. 2012). 
 
Moreover, Warren et al. (1988) suggested that lower altitudes are more Hymenoptera 
dominated due to the dependence of endothermically generated energy. In comparison, 
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Diptera are known to be less endothermic, as they prolong episodes of solar basking 
due to intersperse foraging. Previous studies have suggested that altitude does affect 
species abundance due to shifts in temperature and rainfall causing variation in 
vegetation (Hegland, Stein Joar et al. 2009). It is possible that at higher altitudes there 
would be a decrease in species abundance and diversity, due to reduced resource 
availability at higher altitudes. The vegetation at each altitude is important to consider 
as different altitudes and sites will have variation in the plants that dominate the area.   
 
When considering the overall abundance and diversity of insect pollinators, it is 
important to consider the floral diversity of observed plants during the sample period. 
Acacia were the most dominant plant Gena across all observations at each altitude.  
Acacia are open-access flowers and were highly dominant at high altitude sites. 
Moreover, pea-flowering plants that exhibit restricted access to nectar/ pollen rewards 
dominated the low and mid sites. It is known that Hymenopterans are the most efficient 
pollinators at manipulating plants with restricted access, resulting in a higher 
abundance at sites with more specialised plants. At higher altitudes where wattles 
dominate the area, there will theoretically be a higher abundance of Dipterans, as this 
study has suggested.  
 
Furthermore, Australia is a tropical, temperate and arid region, which displays a wide 
range of climate variation. Sydney is a region that experiences relatively intermediate 
environmental conditions. Since the altitudinal gradient was in the Blue Mountains, it 
may not have picked up the extremes that would be driving broad scale changes in the 
abundance and diversity of insects found in tropical to arctic regions.     This may lead 
to changes in community composition that are less subtle than when compared to other 
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parts of the world (Strathdee & Bale 1998). With relation to climate change; dominant, 
widespread species of bees may be more adaptable to a warming environment due to 
their current preference to lower altitudes. In comparison, flies that are not widespread 
and generalist would be highly important to monitor as they have coevolved with their 
preferred plant and have become less adaptable to shifting to a new plant host (Hoiss, 
Krauss & Steffan-Dewenter 2015).  
 
Specialist species are important to monitor due to their preference and adaption to a 
particular group of plants. They may have coevolved certain structures such as a long 
proboscis to be able to effectively pollinate their plant host (Hegland, Stein Joar et al. 
2009). Under a warming environment where species have shifted with altitude, 
implications would arise among specialist species where they are now competing with 
other widespread pollinators for the same resources from the same host plant (Klank, 
Pluess & Ghazoul 2010). Moreover, we can deuce that a warming environment may be 
more beneficial to plants at higher altitudes. This is because under temperature 
increasing environments insect will be more prone to migration to a cooler environment 
and in turn cause more competition for the same plant host, leading to the possibility of 
obtaining more floral resources (Klank, Pluess & Ghazoul 2010). 	
Potential pollinators of importance 
Over the duration of the study it was found that the most abundant bee pollinator 
across all sites and altitudes was the common honeybee (Apis mellifera) and the most 
common fly pollinator was the common hoverfly (Melangyna viridiceps). Other 
widespread bee and fly pollinators included those of Bombyliidae and the Exoneura 
genus respectively. These pollinators are considered widespread across all altitudes and 
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a frequent visitor of many plants during observations. It can be suggested that they are 
effective pollinators to many different species of plants and are likely to be highly 
adaptable to a changing climate (Hoiss, Krauss & Steffan-Dewenter 2015). Moreover, 
restricted pollinators; which were only found at a particular altitudinal band, are of 
importance when wanting to better understand how some communities may be more 
susceptible to climate variation in the future. Restricted species that were only 
prevalent at a particular site or altitude may me more vulnerable to host shifts, due to 
their lack of distribution in other areas (Elberling & Olesen 1999). It would be of 
benefit to focus on these species to gorge an understanding of how adaptable they may 
be to changing climate variables.  
 
Understanding potential bee and fly pollinators is of great significance to our current 
understanding of Australian pollination systems. Due our current lack of knowledge 
towards the identification of many native species, it can be challenging to monitor all 
species of insects in Australia to gather an understanding of possible responses to 
climatic changes.  Of the bees and flies observed in this study, only the RTUs that had 
visited a plant more than once were given identifications as far as possible by experts in 
the field. Restricted fly families that have been noted of significance in this study 
included; Stratiomyidae, Tephritidae, Rhagionidae and Tachinidae.  
 
Stratiomyidae are referred to a solider flies and are known to be effective, but not 
common pollinators of many plants (Kevan & Baker 1983). They are able to mimic the 
behaviour of bees and can be spotted resting on plants to trick predators. Moreover, 
Tephritidae known as fruit flies, are known to be important pollinators of many crops 
throughout the world and can be important biological control agents (Nishida et al. 
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2004). Both Stratiomyidae and Tephritidae were considered restricted and generalist 
visitors to many plants in this study, supportive of others studies that have explored 
their effectiveness as pollinators to plants (Nishida et al. 2004). Moreover, Tachinidae 
known as tachinids, have previously been found to be important pollinators to plants at 
higher altitudes (Krivosheina & Richter 2015), also referred to as snipe flies, they are 
also frequent floral visitors to many plants (Beattie, Breedlove & Ehrlich 1973). 
Moreover, there has been little research on their effectiveness as pollinators in 
Australia compared to the rest of the world. Both of these Tachinidae and Rhagionidae 
fly families were considered specialist pollinators to the native plants observed in this 
study, making them key families to further monitor speciation amongst species in 
Australia.  
 
Whilst there were many restricted species of bees in this study, there lack of 
abundance throughout observations makes it difficult to determine an estimate of their 
specificity. However, of those observed more than once, Exoneura was considered 
widespread and specialist. Exoneura (known as reed bees) are native, solitary bees in 
Australia (Batley & Hogendoorn 2009). Further understanding how speciation may be 
prevalent amongst these species that are found in native bush land would be vital 
towards monitoring their responses to changing temperatures and rainfall. As a 
widespread species found across all altitudes, they would be vital pollinators in the 
future where they may be more adaptable to variation due to their widespread 
distribution.  
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Evaluation of observations and pan traps 
Direct observations were beneficial in capturing pollinators of a particular plant and it 
is essential when monitoring pollinators, that we can establish direct links between 
plants they visit and how effective they are at pollination services to the plant (Baum & 
Wallen 2011). However, because flying insects are extremely fast to the human eye, it 
can be challenging to obtain species estimates in instances where the pollinator has 
escaped. For instance, some species may utilise the plant for nectar resources and may 
not effectively pollinate; thus, they are “robbing” the plant (Saunders & Luck 2013).   
 
Due to the limited time-frame when pollinators are most active, it can be challenging 
to capture the true community of pollinators across all sites during a single survey 
session.  Only conducting them under fine conditions would have enhanced 
observations; however, this would also limit the sampling days. Thus, the need for 
more sampling sessions, perhaps each fortnight per site would be effective, but also 
time consuming when sampling from sites within an altitudinal gradient which covers a 
wide range of landscape.  
 
The other method used to capture pollinators was through the use of pan traps. Pan 
traps collected a wide range of insects and were not specific to pollinators. Whilst 
collecting bees and flies, they also included additional insects such as wasps, ants, 
beetles and other invertebrate species. For the purpose of this study, only bees and flies 
were sorted and identified.   
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It was revealed that pan traps collected very few bees in comparison to flies. This has 
previously been found in studies that have compared the effectiveness of many 
pollinator trapping methods (Roulston, Smith & Brewster 2007). Bees are less likely to 
be captured in pan traps due to their attractiveness when compared to flowers. Studies 
have revealed that elevated pan traps (as used in this study) are more likely to capture 
bees, when compared to lower ground pan traps. The positioning of each of the traps 
will also influence the likelihood of capturing bees.  Previous studies have revealed that 
bees are more likely to be attracted to traps that are positioned at the same height as 
their preferred floral species (Baum & Wallen 2011). When flowers are mainly in 
bloom, there will proportionally be less bees captured in the pan traps due to their 
unattractiveness compared to flowers. However, there is evidence to support that pan 
traps are more effective at obtaining community estimates of bees when studies have 
been performed over long periods and when most flowers are not in bloom (Campbell 
& Hanula 2007). This study was performed for ten months and each site varied with the 
distribution of monthly flowers in bloom. Some month’s sites were highly in bloom, 
whilst other months there were less flowers. Therefore, this study has been an effective 
estimate on the community of bees and flies across the Blue Mountains, and how their 
abundance is influenced by altitude. By complimenting pan trap collections with direct 
observations we have obtained a better understanding of how different capturing 
methods will influence the results of community studies.  
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Limitations of the study 
Due to differences in vegetation at each site, not all of the same species of flowering 
plants could be found at each altitude and site.  Also due to the diverse nature of insect 
communities, not all of the collected flies and bees could be identified to species level. 
Select individuals were identified as far as possible by experts in the field, leading to 
estimates towards how some insects may respond in the future to climate change. This 
study could have been enhanced by establishing select sites where the same species of 
plants occurred across all three altitudes (low, mid and high). However, this would be 
difficult and would require extensive survey sessions to observe the initial plant 
community over time. By focusing on the same species of plants it would be more 
comparable to explore how particular pollinators are restricted or widespread. Due to 
the lack of abundance of some RTUs in this study, we could only obtain an estimate of 
specificity. If the same plants were compared against each altitude, it would be 
interesting to explore how the preference of floral resources for select groups of RTU 
shifted with altitude. It would also be beneficial to compare the flowering times of each 
of the focal plants, and how with altitude they may have variance in flowering times.  
 
Whilst this study captured the abundance as well as, the insect behavior of floral 
visitors, further sightings are still needed to determine the effectiveness of all species. 
Precise descriptions in relation to the collection of pollen or nectar, contact with stigma, 
visitation within and among plants are beneficial to determine how effective visitors 
were as pollinators (Pellmyr et al. 1996). In this study, it was difficult to fully capture 
true insect behaviour where the RTU was only observed once and briefly within the 10 
minute session. Pollinators that were observed more than once were focused on with 
relation to specificity; however, their overall effectiveness as insect pollinators to 
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different plants is difficult to determine without further sightings and recordings of 
their behaviour. Whilst this study focused on bee and fly pollinators, there are many 
other groups of insects that assist in pollination services. Some other insect groups 
include butterflies, flower beetles, moths and ants (Seymour, White & Gibernau 2003). 
It would be beneficial to be able to monitor the overall effectiveness of different 
pollinators to native plants to better understand the specificity amongst these species 
and how they may also be influenced by variations in climate.  
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Conclusion			
Furthermore, continuing to monitor the interactions between plants and pollinators is 
a vital topic to ensure that effective measures can be implemented towards the 
conservation of biodiversity. As a model for climate change, an altitudinal gradient was 
used to explore how increasing temperatures may lead to differences among the 
pollinator community at each altitude. The abundance and diversity of insect 
pollinators of native plants was found to be significantly different across each altitude. 
Bees were found to decrease in abundance and diversity with cooler temperatures (at 
high altitudes) and flies were found to increase in abundance and diversity at higher 
altitudes. Speciation was also evident across the gradient, where flies and bees ranged 
from being widespread across each altitude to restricted, as well as, generalist and 
specialist. Direct observations alongside pan traps were used as an effective approach 
towards capturing the community of bees and flies at each altitude. Morphological 
identification through the creation of RTUs was used to differentiate between species. 
It was suggested that species of pollinators that were widespread and generalist are 
more likely to be able to adapt to a changing environment compared to pollinators that 
are highly specialist and restricted to a particular altitudinal band. The results were a 
strong indicator that different groups of insect taxa will have different responses to 
changing environmental conditions and that altitudinal gradients can be an effective 
tool to monitor these responses.  
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Future	Work		
To further understand pollinator diversity in Australia, we must first clarify what a 
‘species’ is. The definition of species is still hotly debated, with many alternative 
definitions found in the scientific literature (Wang 2007). The most widely accepted 
concept is that of the biological species concept, where species are defined by its 
capability to interbreed with another population (Wang 2007).  However, this concept 
does not apply to all organisms, as some species are asexual and do not need to 
reproduce with other populations. Another definition is the taxonomic species concept, 
which emphasises that different species have morphological differences (Ward & 
Stanley 2004). Whilst this can be an excellent technique to identify larger organisms, 
insects may have limited morphological differentiation between species, such that 
different species may often be “lumped” by non-specialists (Valentini, Pompanon & 
Taberlet 2009).  Lastly, the molecular/phylogenetic species concept states that a species 
will share regions of DNA (Jurado-Rivera et al. 2009).  This definition accounts for 
variation among species, with different species having a unique genetic combination. 
These concepts can be applied when attempting to identify variation between different 
species of insect pollinators.  	
Future research can expand on the knowledge gained by this study through the 
incorporation of DNA barcoding to reveal the possibility of site-specific or altitudinal 
variation between taxa and species.  Pollinators deemed the most effective could be 
analysed through sequencing to reveal any genetic variation. This may in turn, reveal 
the possibility of cryptic species where morphological variation was not evident 
through morphological identification alone (Porter et al. 2014).  DNA barcoding can 
also be used as a way to confirm the morphological identification of species. As some 
species are display sexual dimorphism, they may be misidentified as two different 
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species. DNA sequences would be used as an effective tool to confirm if two species 
are indeed different or the same species (García-Robledo et al. 2016). However, 
focusing on only frequently observed pollinators would limit future knowledge of 
species that are less abundant. It therefore, would be important to also analyse species 
where they may appear only once during observations, as these species may be more 
susceptible to climate change but due to little research on them, we will not know their 
responses. We could also use genetic sequences as a way to monitor the effects of 
climate change by having a genetic record of our current species and in the future we 
will be able to explore how climate change has caused effects on the genetics of some 
species (Bellard et al. 2012).  
 
Moreover, it would be interesting to focus on widespread fly pollinators (Syrphidae, 
Bombyliidae), as they are currently known to be pollinators of many agricultural crops 
in Australia, but their effectiveness is still understudied in relation to native plants 
(Ambrosino et al. 2006). As an understudied group of pollinators, effectively 
determining if altitude has an effect on their genetic sequences may be useful when 
understanding how adaptable they may be to a changing environment. It also may be 
useful to know how altitude has an affect on genetic variation when developing 
insecticides for agricultural research. Since effective pollination services are essential 
for economical benefit (Bartomeus et al. 2014), researching other effective pollinators 
is highly important due to the global decline of the honeybee.  
 
Another focus would be to collect live insects from different altitudes to monitor how 
certain populations may be more or less adaptable to changes in temperature. Previous 
studies have also explored how insects adapted to certain altitudes will have variance 
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between their critical thermal maximum (CT(max)) (García-Robledo et al. 2016). Beetles 
were explored across broad and narrow altitudes. The main findings revealed that 
beetles found at middle altitudes were less tolerant to high temperatures than when 
compared to low altitudes. Beetles from high altitudes had a narrower CT(max) values, 
suggesting that these populations would be at a greater risk of extinction under a 
warming environment (García-Robledo et al. 2016). With relation to pollinators, it 
could be extremely useful to monitor how different species have differences in CT(max) 
values, which could be linked to their altitudinal habitat of origin.  
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Appendix		
 
Table 7: A summary of the mean air temperature at each site and altitude combined (November 2016 to August 2017) 
 
Altitude Site AVE min AVE AVE max 
low GROCTR 10.11 18.03 31.87 
low BOWBM 9.06 19.30 31.73 
low HWHHH 5.38 13.87 32.05 
low WINWB 5.67 17.46 32.84 
Mean 
(low) 
 
7.55 (1.19) 18.06 (0.92) 32.12 (16.06) 
mid KURBUR 4.60 13.46 32.75 
mid BILBPA 6.22 15.80 31.36 
mid LAWBR 7.90 19.90 33.55 
mid LAWHAL 10.20 19.59 32.58 
Mean 
(mid) 
 
7.23 (1.20) 17.19 (1.55) 32.56 (0.45) 
high BLMMN 5.28 14.47 31.36 
high MBKMB 3.83 14.60 31.48 
high LEUSL 8.90 18.08 31.94 
high MEDEL 8.33 16.43 32.30 
Mean 
(high) 
 
6.59 (1.21) 15.89 (0.85) 31.77 (0.22) 
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Table 8: A summary of the mean soil temperature at each site and altitude combined (November 2016-August 2017) 
 
Altitude Site AVE min AVE AVE max 
low GROCTR 13.61 18.33 26.11 
low BOWBM 14.06 17.70 22.78 
low HWHHH 9.38 22.00 18.00 
low WINWB 11.17 18.43 31.89 	
Mean 
(low) 
 
 
12.05 
(6.81) 
19.12 
(1.05) 
24.69 
(13.06) 
mid KURBUR 10.00 14.39 19.20 
mid BILBPA 11.56 17.08 28.61 
mid LAWBR 13.90 21.61 36.70 
mid LAWHAL 15.00 20.08 29.20 
Mean 
(mid) 
 
12.61 
(1.13) 
18.29 
(1.61) 
28.43 
(3.58) 
high BLMMN 9.78 15.99 27.28 
high MBKMB 10.22 15.83 26.17 
high LEUSL 12.70 16.77 22.80 
high MEDEL 11.75 18.14 35.92 
Mean 
(high) 
 
11.11 
(0.68) 
16.68 
(0.53) 
28.04 
(2.79) 	
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Table 9: Identifications for pollinating bee and fly RTUS that were observed more than once during observations 
RTU # for bees Identification Photo 
1 Apis mellifera  
 
 
2 Exoneura sp.  
 
 
4 Meroglossa itamuca 
 
 
 
 
 
 
	 84 
5 Hylaeus (Prosopisteron) littleri  
 
 
 
 
8 Hylaeus (Prosopisteron) 
 
 
 
 
9 Exoneura sp. 
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10 Amegilla (Zonamegilla) pulchra 
 
 
12 Exoneurella lawsoni  
 
 
15 Tetragonula carbonaria  
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RTU # for flies Family Photo ID 
3 Syrphidae 
(Melangyna viridiceps) 
 
 
 
4 Tachinidae 
 
 
 
 
24 Tephritidae 
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35 Tachinidae 
 
 
 
 
49 Tachinidae 
 
 
 
 
53 Rhagionidae 
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66 Stratiomyidae 
 
 
 
 
67 
Bombyliidae 
 
 
 
 
82 Rhagionidae 
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84 Rhagionidae 
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Table 10: Morphological characteristics of every bee RTU from the study 
RTU # for      
bees 
Tibia Tarsus Antennae Abdomen Thorax Frons Gena Other 
1 dark 
brown 
dark 
brown 
dark 
brown 
dark brown yellow 
and black 
stripe 
black black black 
2 black brown brown dark brown honey, 
black 
vertical 
dots near 
thorax 
black black black 
3 black black black black black black black black 
4 black black black black black black 
with 
yellow 
spot 
yellow black 
5 black yellow yellow black yellow 
and black 
striped 
black black black 
6 black black black black black black black black 
7 brown brown brown 
yellow hair 
dark brown brown black black black 
8 yellow 
with 
brown 
yellow yellow brown and yellow brown 
and 
yellow 
black yellow black 
9 black black brown 
hairy 
black honey 
tinge 
black 
black black black 
	 91 
10 brown brown brown black blue and 
black 
stripes 
brown brown brown 
11 black black black black black 
honey 
black black black 
12 black black orange black black black grey 
patch 
black 
13 dark 
brown 
brown brown black honey 
and 
striped 
black black black 
14 black yellow yellow black honey 
brown 
near 
thorax 
black yellow 
grey area 
black 
15 black black black black honey 
and 
brown 
black 
and hairy 
black black 
16 brown brown brown brown green 
metallic 
brown  brown brown 
17 black black black black black black black black 
18 black to 
honey 
honey honey black honey 
and black 
black black black 
19 orange orange orange brown black black black black 
20 black black black black brown 
striped 
and clear 
black black black 
21 honey honey honey brown honey  black black black 
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22 black black 
and 
yellow 
yellow black black black 
and hairy  
black black 
23 black black black black black black black black 
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Table 11: Morphological characteristics of every fly RTU in the study 
RTU # for 
flies 
Femur Tibia Tarsus Antennae Abdomen Thorax Frons Gena 
1 Black black black black black black black black 
2 brown brown yellow black beige and brown 
stripes 
brown with 
black vertical 
stripes 
dark 
yellow 
dark yellow 
3 black black yellow black brown with yellow 
dots 
black yellow yellow 
4 black black black black black black black black 
5 light yellow light 
yellow 
light yellow yellow beige brown stripes brown brown yellow 
6 yellow yellow yellow yellow beige brown stripes beige brown yellow yellow and 
black  
	 94 
7 black yellow black black brown black black black 
8 black black black black black clear vertical 
stripe underneath 
black black black 
9 Brown Brown brown black light brown brown brown light brown 
10 yellow 
joint, 
yellow 
black brown brown brown to black black black black 
11 black dark 
yellow 
dark yellow black black black black yellow 
12 black black black black black with yellow 
under 
black hairy orange orange 
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13 black yellow and 
brown 
yellow and 
brown 
black dark brown with 
yellow 
black black yellowy 
brown 
14 yellow, 1, 3 
leg brown 
brown and 
yellow 
yellow black cream and wite 
under stripes 
dark brown 
mixed 
dark 
yellow 
dark yellow 
15 black yellow yellow, 
brown tip 
yellow brown clear 
underneath 
black, green 
metallic tinge 
black black 
16 black cream cream black brown clear under brown black cream 
17 creamy 
yellow 
creamy 
yellow 
creamy 
yellow 
yellow slender, yellow 
stripe and cream 
under 
dark yellow brown brown 
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18 black black black black black and grey tinge 
stripes 
black and hairy black black 
19 yellow yellow yellow yellow brown stripes and 
cream  
black black yellow 
20 honey honey 
striped black 
honey black honey honey black hair honey honey 
21 black black black black black and slender, 
hairy 
black and hairy black black 
22 dark brown yellow and 
brown stripe 
yellow and 
brown stripe 
dark 
yellow 
cream under, dark 
yellow top, slender 
black black black 
	 97 
23 light brown brown, 
cream stripe 
yellow to 
black 
black black yellow under black, green, 
metallic sheen, 
hairy 
black black 
24 dark yellow dark 
yellow 
dark yellow black black top yellow 
under 
black dark 
yellow  
dark yellow 
25 black black black black black black black black 
26 cream darker 
cream 
darker cream dark 
cream 
slender cream stripe, 
opaque under 
brown brown brown 
27 honey with 
brown 
honey black black black black black black 
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28 brown dark 
yellow 
dark yellow black black opaque 
underneath 
black dark 
yellow 
black 
29 black black black black black blue metallic black blue 
metallic 
black black 
30 brown brown brown to 
black 
black black with yellow 
and hair 
black black black 
31 dark yellow dark 
yellow 
black black black and hairy  black and hairy black dark yellow 
32 light 
yellow, 
brown hair 
light 
yellow 
light yellow black black black black dark yellow 
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33 light yellow light 
yellow 
light yellow yellow yellow, black  yellow black 
hair  
yellow yellow 
34 dark brown dark brown dark brown black 
honey 
honey and brown black black black 
35 black black black black black yellow under black black black 
36 black 
yellow joints 
black black yellow black honey stripes 
near thorax 
black and hairy honey 
and black 
honey and 
black 
37 black honey black black black black honey black 
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38 black black black black black black honey  honey and 
black 
39 yellow yellow black black black metallic blue black metallic 
blue 
black 
metallic 
blue 
black 
40 yellow yellow yellow black slender black 
metallic green 
black metallic 
green 
black black 
41 Yellow to 
black 
grey yellow black cream and black 
stripes, speckle  
black black 
hairy 
yellow 
42 Black yellow yellow black black cream under black green 
metallic 
black yellow 
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43 black black black  black black metallic 
green, slender 
black metallic 
green 
black black 
44 dark yellow dark 
yellow 
dark yellow black  dark yellow hairy dark yellow dark 
yellow 
dark yellow 
45 black black black black black stripe, cream, 
black 
black black black 
46 black black black black black 1 yellow 
stripe  
black black black 
47 black 
yellow joints 
black black black and 
yellow 
black black black black 
	 102 
48 honey honey honey yellow black orange point black orange 
stripe at back 
black black 
49 black  black black black black yellow where 
wings join, black 
black black 
50 yellow to 
black 
yellow yellow black black black black black 
51 yellow honey yellow black black metallic 
sheen, yellow under 
black metallic black 
metallic 
black 
metallic 
52 black leg 1, 
brown 
yellow and 
black 
yellow yellow brown brown dark 
yellow 
dark yellow 
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53 Black brown brown black black black black black 
54 black black black black black black black black 
55 yellow yellow yellow black cream and brown 
stripes 
yellow with 
black stripes 
yellow yellow 
56 yellow, 
black joints 
yellow yellow yellow skinny and yellow/ 
blacked striped 
black black black 
57 black black black black yellow tip, brown 
and black stripes 
black black black 
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58 brown brown brown black brown stripes and 
cream 
metallic green metallic 
greeen 
metallic 
green 
59 yellow yellow yellow black 
joints 
black metallic green, 
cream under 
metallic green metallic 
green 
metallic 
green 
60 yellow yellow yellow black cream and metallic 
green/ browny sripes 
metallic green metallic 
green 
yellow 
61 yellow yellow yellow black cream and black 
dots  
brown brown brown 
62 black black black to 
yellow 
black black and cream 
stripes 
black black black 
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63 yellow yellow yellow to 
brown 
black black to cream and 
hairy 
metallic green 
and black 
black yellow  
64 dark yellow dark 
kyellow 
dark yellow black dark ywllow dark yellow dark 
yellow  
dark yelllow 
65 black yellow black black black slender black black black 
66 yellow yellow yellow yellow rainbow metallic rainbow metallic black black 
67 leg 1 and 2 
black, leg 3 is 
yellow 
black black black brown and cream 
either side 
brown brown brown 
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68 brown brown yellow to 
brown 
black slender and brown brown brown brown 
69 yellow to 
black 
black black black yellow and lback 
spots 
yellow yellow yellow 
70 yellow yellow yellow yellow yellow and brown yellow yellow yellow 
71 yellow yellow 
black joint 
yellow yellow black tip to yellow 
near thorax 
yellow black 
hair 
black yellow 
72 black yellow to 
black 
yellow black black and yellow 
skinny 
black and yellow black black 
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73 black black black black black and yellow  black black black 
74 cream cream cream cream cream and brown beige brown brown 
75 brown brown brown black slender and brown black black black 
76 cream and 
hairy 
cream and 
hairy 
cream and 
hairy 
long and 
black 
slender and cream 
stripes 
dark brown cream cream 
77 yellow yellow black black cream brown 
segments 
black black black 
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78 black black black black yellowish at tip then 
metallic black 
black black black 
79 yellow 
brown joint 
yellow and 
brown stripe 
yellow black slender brown stripe 
and pink under 
brown brown brown 
80 cream cream cream cream and 
feather like 
slender and cream brown brown brown 
81 black black thick and 
segmented 
brown 
black brown and cream 
either side 
black black black 
82 yellow yellow black black brown and yellow brown light 
brown 
cream 
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83 cream cream cream dark 
cream 
slender and cream brown dark 
brown 
light brown 
84 yellow yellow black black black and yellow black black light brown 
85 yellow yellow yellow cream slender brown stipes brown cream cream 
86 yellow yellow yellow yellow yellow to black black yellow yellow 
87 dark yellow dark 
yellow 
dark yellow black slender and black black black black 
			
